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( Reaffirmed 2003 ) 

Indian Standard 

METHODS OF TEST FOR 
PETROLEUM AND ITS PRODUCTS 

[P:104] 

AROMATICS IN LIGHT NAPHTHAS AND AVIATION 
GASOLINES BY GAS CHROMATOGRAPHY 

( First Reprint DECEMBER 1998 ) 

UDC 665.633.7 + 665.733.3 : 543.544.25 : 543.862.2 



Adapted from ASTM Designation D 2267-68 ( Reapproved 1978 ) 

1. SCOPE 

1.1 This method covers the determination of benzene, toluene, Cg and 
heavier aromatics, and total aromatics in the concentration range from 1 
to 30 percent of the individual aromatic compounds listed above in the 
following products: (i) aviation gasolines {see IS: 1604-1967*), (ii) re- 
former products Slaving a final boiling point below 175*C, and {Hi) re- 
former feed and other petroleum products having a final boiling point 
below 150*0. The results are reported to the nearest 0*1 percent by 
liquid volume. 

2. OUTLINE OF THE METHOD 

2.1 The sample is introduced into a gas chromatographic column 
containing a strongly polar liquid phase. The polar phase has very little 
affinity for saturated and olefinic hydrocarbons, while exhibiting a 
pronounced selectivity for aromatics. This selectivity results in the 
elution of all saturated and olefinic hydrocarbons in the products 
described above prior to the elution of benzene. Either a thermal 
conductivity or flame ionization detector may be used. Calibration is 
performed by using synthetic blends of the aromatic compounds charged 

•Specification for aviation gasoline (first revision), 
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at the same constant volume as is used to analyze the sample, n-undecane 
or n-dodecane is used as an internal standard. Typical retention times 
are shown in Table 1 and a typical chromatogram is shown in Fig. I. 

Note — Caution — Light aromatic hydrocarbons are toxic. Special precautions 
should be taken when handling such materials to avoid inhaling the vapour. If 
some of the liquid is accidentally spilled on the skin, the affected part should 
be washed immediately with soap and water. 



TABLE 1 


TYPICAL RETENTION TIME, 


MINUTES 






(1) 


(2) 


(3) 


(4) 


n-decane 


2-3 


6-a 


2-6 


10*2 


Benzene 


2-9 


7*6 


3-0 


15*0 


Toluene 


4-5 


11-4 


4-3 


19*1 


Ethylbenzene 


6*6 


17-2 


6-0 


23-3 


B-undecane 


— 


10-1 


3-8 


— 


n-dodecane 


5-85 


— 


— 


17-3 



3. APPARATUS 

3.1 Ghromatograph — Any chromatographic instrument may be used 
which has the following performance and characteristics. 

3.1.1 Sensitivity — An over-all sensitivity sufficient to detect 0*1 volume 
percent of any aromatic compound of interest with a peak height of at 
least 2 mm without loss of resolution as defined in 3.1.3. 

3.1.2 Sample Inlet System — A sample inlet system that allows a constant 
volume of liquid sample to be injected. 

3.1-3 Column — Inject blend 1 {se€Tahlc2 ) into the chromatograph 
and record the chromatogram. Any column and conditions may 
be used provided, under conditions of the test, n-decanc is eluted prior to 
benzene and the depth of the valley after w-decane is not less than 50 
percent of the height of the decane peak. The benzene, toluene, and Cq 
and heavier aromatics shall be completely resolved from each other, and 
the internal standard, «-undecane or n-dodecane, shall be completely 
separated from all aromatic compounds. 

Note — Typical columns, materials and conditions that have been found suitable 
for this method are listed in Table 3. 

3.2 Strip Chart Recorder — A recording potentiometer with a full-scale 
deflection of 10 mV or less should be used. The full-scale response time 
of the recorder should not exceed 2s. If a manual method of integration 
(such as triangulation paper cut-out or planimetcr) is employed, the 
chart speed should be at least 150 cm/h in order to minimize errors in 
peak area measurement. This requirement is waived if a ball-anddisc or 
an electronic integrator is employed. 




CO 



Fig. 1 Typical Chromatogram Using Table 3, Column 3 
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TABLE 2 


COMPOSITION OF STANDARD BLENDS 








( Clauses 3A.3and6A ) 






Br;EN7i 


nCxo 


Internal 


Benzene 


Toluene 


Ethyl 


No. 




Standard 






Benzene 


1 


5 


10*0 


15*0 


15-0 


15-0 


2 


™ 


lO'O 


5-0 


5-0 


25-0 


3 


- 


lO-O 


25-0 


25-0 


5-0 


4 


1 


— 


0-5 


0-5 


0-5 



3.3 Micro Syringe — lO/xl capacity, for sample introduction, 

3.4 Volumetric Flasks 

3.5 Volumetric Pipettes 

3.6 Tubing — copper, aluminiunij or stainless steel. 

3.7 Analytical Balance 

4. REAGENTS AND MATERIALS 

4.1 Liquid Phase for Column — see Note under 3.1.3. 

4.2 Solid Support — see Note under 3.1.3, If an open tubular column 
is used, a solid support is not necessary. 

4.3 Solvent for Liquid Phase — Methylene chloride has been found 
satisfactory. 

4.4 Carrier Gas — see Note under 3.I.3. 

4.5 /i-Hexane, n-Heptane or Isooctane — 99 mole percent minimum, 
containing less than 0*05 mole percent of aromatic material. 

4.6 Benzene, Toluene, and Ethylbenzene — 99*5 mole percent, 

minimum, 

4.7 /i-Decane and Either /i-Undecane or n-Dodecane — Either the Cn 
or Ci2 normal paraffin may be used as an internal standard according to 
the requirements in 3.1.3. 

5. SAMPLE HANDLING 

5.1 Due to the volatility of these materials and the tendency towards 
change in composition, store all samples and standard blends at a temp- 
rature of 7 to 15°G, Do not open the sample or standard container at 
liquid temperatures above 15^C. Transfer from the container to the 
chromatograph should be made only when the liquid in the container is 
within the temperature range indicated. 

Note — The above experiment may also be done at higher ambient temperature 
up to 25''G but in that case the precision is likely to be lower. 



IS :1448[PM04 1-1981 



TABLE 3 TYPICAL COLUMNS AND CONDITIONS 

{ Clause SA, 3) 



Column: 

Liquid phase, material 

Mass, percent 

Solid support, material 

Mesh size 

Treatment 

Length, metres 

Inside, diameter, mm 

Temperature: 

Sample inlet system, °C 
Detector, °G 

Column: 

Isothermal, "^C 
Programmed, *»C/min 
Initial temperature, °C 
Constant finally, min 
Final temperature, °G 
Carrier gas, material 

Flow rate, cm^/min 
Detector, type 

Voltage ( or mA ) 

Recorder range, mV 
Sample size, {il 
Split, ratio 

Speed, cm/h 



Note — In place of helium, hydrogen may be used. 



(1) 


(2) 


(3) 


(4) 


DECS 

20 

Chrom P 

60 to 80 

None 

2-4 

55 


PEG-400 

30 

0-25 


TCEPE 

10 

Chrom P 

60 to 80 

AW 

4-5 

1-5 


TCEP 

20 
Chrom P 
60 to 80 

AW 

6*0 

4-5 


266 
102 


150 
86 


250 
175 


190 
215 


102 


86 


100 


_„ 


^__ 


~— ' 


"■" 


4 
50 


.« 


__ 


=^ 


5 

150 


Helium 

( see Note ) 

100 


Nitrogen 
2-5 


Nitrogen 
2-0 


Helium 

( see Note ) 

75 


TG 

I2V 


FI 


FI 


TG 
200 mA 


1 


10 


5 


1 


5 


2 

250:1 


5 

100:1 


1-5 


75 


75 


75 


75 



Abbreviationsi 




DECS - 


Diethylene glycol succinate 


PEG - 


Polyethylene glycol 


TCEPE - 


Tetracyano ethylated pentaerythritol 


TCEP — 


1, 2, 3 Tris ( 2 cyano ethoxy ) propane 


Chrom P — 


Chromosorb P 


AW - 


Acid washed 


TG - 


Thermal conductivity 


FI - 


Flame ionization 
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6. CALIBRATION 

6.1 Preparation of Standards — Prepare three standard blends 
indicated as blend K 2, and 3 in Table 2. To do this, pipette the exact 
volume ( in ml ) of each hydrocarbon indicated into a 100-ml flask. Fill 
to the lOO-ml mark with one of the solvents listed in 4.5 and mix by 
inverting several times. 

6.2 Select the instrument conditions and sample size so as to give the 
necessary sensitivity and resolution. Inject each standard blend into the 
chromatograph at least twice, using the same volume of sample and 
instrument conditions. If a sensitivity of less than maximum is needed to 
measure the «-decane, internal standard and aromatic peaks, change the 
attenuation so that the peaks are measured at not less than 25 percent of 
full scale. 

6.3 On blend 1 measure the height of the «-decane peak and the height 
of the valley between it and benzene. Express both on a common 
attenuation basis. Divide the height of the valley above the base line by 
the total height of the n-decane peak. This value shall not exceed 0*5 
for the column and conditions to be used, 

6.4 Measure the area of all aromatic and internal standard peak by any 
of the following means: triangulation, planimeter, paper cut-out, ball- 
and-disc integrator, or electronic integrator. 

Note — Because the Cg and heavier compounds may not be completely 
fesolved, peak height times one half the width or retention time shall not be used 
as a means of measuring the area. 

6.5 If a different attenuation Vv'as used for part of the chromatogram, 
correct to a constant attenuation basis by multiplying the areas where a 
lower sensitivity was used by the ratio: 

where 

Si = the attenuation sensitivity used for the internal standard 
peak, and 

5*8, «= attenuation sensitivity used for the aromatic peak. 

6.6 Relative Response Factors — Calculate relative response factors 
for each aromatic compound at each concentration level relative to that 
of the internal standard as follows: 

R,i=(A,llO)KA^IV) 
where 

Rij =3 relative response factor for each aromatic compound at 
each concentration level, 
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A^ = area of the internal standard peak in arbitrary units 
corrected for attenuation, 

10 = volume of internal standard in the standard blend, 

Aa — area of the aromatic peak in arbitrary units corrected for 
the difference in attenuation, and 

V == volume of aromatic in the standard blend. 

6.7 Using the average calculated response factors, tabulate the factors for 
each aromatic compound by concentration range as shown in Table 4. 

TABLE 4 RELATIVE RESPONSE FACTORS* 

Concentration Aromatics in Brnzeni?; Toluenk Cg-f- 

Range, Volume Standard, ml 

Percent 

(1) (2) (3) (4) (5) 

MO 5 R62 R72 R83 

10-20 15 R61 R71 R81 

20-30 25 R63 R73 R82 

♦The first digit of the subscript refers to the carbon nvimbcr of the aromatic 
compound and the second digit refers to the blend number. 



7. PROCEDURE 

7.1 Follow the instructions given in 5. Pipette exactly l-O ml of 
internal standard into a iO-ml volumetric flat^k. Fill to the 10-ml mark 
with sample and mix by inverting several times. 

7.2 Using the exact instrument conditions as were used in the calibration, 
inject the same volume of sample containing the internal standard. 
Change the attenuation if necessary so as to measure the area of the 
internal standard and aromatic peaks with not less than 25 percent chart 
deflection on attenuated peaks. 

8. CALCULATION 

8.1 Measure the area of the internal standard and aromatic peaks in the 
same manner as was used for calibration, If a different attenuation was 
used for part of the chromatogram, correct to a constant attenuation basis 
by multiplying the area of the aromatic peaks by the ratio; 

where 

Si « attenuation sensitivity used for the internal standard 
peaks, and 

Ss, — attenuation sensitivity used for the aromatic peak. 
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8.2 Calculate the concentration of benzene, toluene, and Cg and heavier 
aromatics as follows: 

r-(^ X /?,j X V^)l{As X 0-9) 
where 

V = volume percentage of the aromatic compound(s), 

^a — area of the aromatic peak corrected to a constant 
attenuation, 

Ri^ = relative response factor for the aromatic compound accor- 
ding to concentration of the aromatic compound in the 
sample ( see Note ), 

Vi = volume percent of internal standard, 

Aq c= area of the internal standard peak, and 

0*9 = correction factor for the dilution by the internal standard. 

Use the relative response factor for ethyibenzene for all Cg and heavier 
compounds. 

Note — It may be necessary to calculate approximate results in order to 
determine which response factor to use according to the concentration of the 
aromatic compound in the sample. 

8.3 Total Aromatics — Add the amounts of each aromatic compound 
found to obtain the volume percent of total aromatics in the sample. 

8.4 Report -— Report the volume percentage to the nearest I percent 
by volume. 

9. PRECISION 

9.1 The criteria shown in Fig. 2 and 3 should be used for judging the 
acceptability of results (95 percent probability). The precision state- 
ments are based on results from five laboratories analysing five samiples 
and should be considered tentative, pending further work and statistical 
evaluation. Electronic integrators were used by all of the cooperating 
laboratories. Less precise results may be obtained if other methods of 
measurement are used. 

9.1.1 Repeatability^ — Duplicate results shall not differ by more than the 
amounts shown in Fig. 2 for repeatability as percent of the average 
amount present. 

8 
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9.1.2 Reproducibility — Duplicate results shall not differ by more than 
the amount shown in Fig. 3 for reproducibility as percent of the average 
amount present. 

9.2 The above precision figures relate to the ambient conditions at 15^C, 
maximum {see Note under 5.1 ). For working at a temperature of 25*^0, 
the precision data is being evolved. 
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